INTRODUCTION
The Rh blood-group system is comprised of numerous inherited antigens, the most polymorphic of which are the RhD, C/c and E/e antigens [1, 2] . These antigens are thiol-group-containing polypeptides that are not significantly glycosylated [3, 4] . They are all carried by 30-32 kDa integral membrane proteins [3] [4] [5] . There is evidence that D, C/c and E/e are carried on three distinct homologous polypeptides [6] [7] [8] , although all shared a common N-terminal sequence [7, 9, 10] . Also, the mRNA encoding one of Rh polypeptides was isolated and its complete primary structure was determined [11, 12] . The cDNA showed an open reading frame composed of 1251 nucleotides. Hydropathy analysis of the deduced 417 amino acids sequence for Rh polypeptide indicated the existence of a high degree of hydrophobicity and predicted the presence of 12 or 13 membranespanning domains [1 1,12] .
We previously reported the existence of two cDNA clones related to Rh polypeptide genes [13] . Both these two clones consisted of an open reading frame with 1251 nucleotides. One clone (designated RhPI cDNA) showed a single nucleotide substitution of A for G at nucleotide 174 without amino acid substitution as compared with the nucleotide sequence of the Rh polypeptide cDNA reported by Avent et al. and Cherif-Zahar et al. [11, 12] . The other clone (designated RhPII cDNA) had 41 nucleotide substitutions following 31 amino acid substitutions. Hydropathy analysis of the deduced amino acid sequence for the RhPII polypeptide suggested the presence of 12 membranespanning domains.
It is as yet unclear which of these cDNAs encode which of the Rh antigens. There are several predicted extracellular amino acid sequence differences between RhPI and RhPII which could account for a novel antigen [13] . It was guessed from our previous report that the RhPI cDNA might encode the RhC/c and/or E/e polypeptides, since the RhPI gene was detected from mRNAs in the RhD-negative erythroid cells [14] . Also, the individuals by the PCR experiment. This suggests that the Rh polypeptide genes have been inherited from parents and might be highly polymorphic. The PCR amplification of an RhPII-specific region from reticulocyte RNA and genomic DNA in all the family proved that the RhPII gene exists in both RhD-positive and RhD-negative individuals. By Southern-blot analysis of the DNAs from the family, two independent polymorphisms concerning the RhC/c and RhD/d phenotypes were observed. These results demonstrate that the RhPI and RhPII genes are also present in the RhD-negative donors, and the RhPII-related cDNAs encode not the RhD, but the RhC/c and/or E/e, polypeptides.
RhPII cDNA clone probably appears to encode the RhC/c and/or RhE/e, but not the RhD antigen, because of the disagreement with a partial RhD protein sequence compared with that of the RhPII [11] and the revelation of the polymorphism associated with the RhC/c antigenic variation regardless of the RhD antigen ( [13] , the preceding paper [15] ). In contrast, Le Van Kim et al. [16] reported that a RhXIII cDNA clone, which has a strong resemblance to the RhPII cDNA, encoded the RhD antigen. This clone had the same open reading frame as the RhPII cDNA. The RhXIII cDNA differed by 36 amino acid substitutions from the Rh polypeptide cDNA reported by Avent et al. [11] and Cherif-Zahar et al. [12] , and the nucleotide positions 956-1061 showed high divergence of approx. 30 % between the two cDNAs. The nucleotide sequences of the RhPII and RhXIII cDNAs are the same in this region. Le Van Kim et al. [16] reported that this specific region was detected in the RhD-positive donors in the PCR experiment, but not the RhD-negative donors. In the present study we attempted to detect Rh polypeptides from a family with RhD-positive and RhD-negative phenotypes in order to clarify the genetic basis of the Rh polypeptide gene. We report here that the RhPII cDNA clone was detected in RhD-negative, as well as RhD-positive, donors.
MATERIALS AND METHODS Blood samples
In the present study the pedigree of a family with the RhDpositive and RhD-negative phenotypes in the Rh blood-group system was analysed ( Figure 1) . The [13] . The RhPII-1 cDNA sequence showed a single point mutation in which C changes to T at nt 380, resulting in a valine-for-alanine substitution at amino acid residue 127 as compared with the RhPII cDNA (Figure 3 ). Thus the result of nucleotide-sequencing analyses for Rh polypeptide cDNAs in the family showed the presence of three cDNA clones, and proved that the Rh polypeptide genes have been inherited in the family. Also, the appearance of this Rhrelated cDNA clone (RhPII-1) suggests that the Rh polypeptide genes might be highly polymorphic.
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Detection of the RhPII-speclfic region from reticulocyte RNA and genomic DNA To confirm that the RhPII gene is present in all the family, we attempted PCR amplification of the RhPII-specific region from reticulocyte RNA and genomic DNA (Figure 4) . Between the RhPI and RhPII cDNAs, the region corresponding to nts 979-1062 showed a high divergence and, moreover, is the Rh exon-specific region [13, 16] . Also, the nucleotide sequence between the RhPII and RhXIII cDNA agrees with this region. A schematic diagram for the detection of the RhPII gene is shown in Figure 4(a) . The RhPII-specific primers (RhPII-s, nts 979-992; RhPII-a, nts 1062-1047) were synthesized, and a 84 bp product was amplified by PCR and analysed in agarose gel. The expected PCR product was detected in all the family, from both RNA and DNA templates (Figures 4b and 4c) . The direct sequencing analysis of the PCR product showed a single nucleotide substitution (C-+T) at nt 1025 in comparison with the RhPI cDNA (Figure 4d ). This result proved that the amplified PCR product is the RhPII cDNA. Further, the PCR products were subcloned and the inserts were sequenced. The nucleotidesequencing analysis showed the RhPII cDNA in all of 20 independent subclones investigated (results not shown). These data demonstrate that the RhPII gene is present in both the RhD-positive and RhD-negative donors and detected in both RNA and DNA in the PCR experiment.
Southern-blot analysis
We reported in the preceding paper [15] that Southern-blot analysis using the Rhl region cDNA probe showed polymorphisms of the RhCC-positive and RhCC-negative phenotypes in addition to those of the RhD-positive and RhD-negative phenotypes. We then performed Southern-blot analysis of the family using the RhI region (nts 30-674) cDNA probe ( Figure  5 ). DNA from the family was digested with RsaI. As shown in Figure 5 , the 2.35 kb restriction fragment was missing in the RhD-negative donors (lanes 5 and 6). In addition, the 1.9 kb restriction fragment was missing in CCDee donor (lane 1), was present in double dose in the Rhcc donors (lanes 4, 5 and 6) and in single dose in the RhCc donors (lanes 2 and 3). This result clearly indicates that the genomic polymorphism in Southernblot analysis cannot discriminate between the RhD-positive and RhD-negative individuals. Next, Southern-blot analysis using the Rh2 region (nts 606-1283) cDNA probe showed the only polymorphism of the RhD phenotypes (results not shown). These findings appear to argue against a two-locus model for Rh inheritance.
DISCUSSION
In the present study we isolated and characterized three Rhrelated cDNAs (RhPI, RhPII and RhPII-1) by subcloning and sequence analysis based on the PCR method from a family with the RhD-positive and RhD-negative phenotypes. The RhPI, RhPII and RhPII-1 cDNA clones were found in all individuals. Hydropathy analysis of the predicted RhPII-1 amino acid sequence showed that the position of amino acid substitution existed in fourth transmembrane domain (results not shown). Therefore the mutation region of this variant would appear to be unrelated to Rh antigenicity. These data indicate that the RhPI and RhPII genes have been handed down from generation to generation and that the Rh polypeptide genes might be highly polymorphic. Next, by Southern-blot analysis of the DNA from the family using the Rhl region cDNA probe, we showed polymorphisms concerning the RhC/c phenotypes as well as the RhD/d phenotypes. These findings argue against the Rh locus being composed of two related genes [18] .
Although speculative, it is presently thought that the RhPIrelated cDNAs encode the C/c and/or E/e polypeptides and the RhPII-related cDNAs encode the D polypeptide [19] . However, we demonstrated in the present study that the RhPII gene transcripts were also produced by the RhD-negative individuals. Preliminary studies using the PCR-amplified reticulocyte RNAs from all individuals did not demonstrate differences in the relative amounts of the RhPI [15, 18] . There is a possibility that the Rh-related mRNAs apart from these three mRNAs were not identified by these experiments because of their low expression in reticulocytes. We are now investigating the presence of additional Rh-related cDNA clones in all the family.
The most important fact in the present study is that the RhPII cDNA clone exists in both the RhD-positive and RhD-negative donors. A group of workers in Paris [16] recently reported a cDNA clone regarded as the RhD polypeptide. This clone (RhXIII) had an open reading frame composed of 1251 nucleotides and differed from the Rh polypeptide cDNA clone (RhIXb) they reported; it had 44 nucleotide substitutions, resulting in 36 amino acid substitutions. The RhPII cDNA clone we reported showed eight nucleotide substitutions resulting in seven amino acid substitutions as compared with the RhXIII cDNA [13] . The RhPII and RhXIII cDNA clones had very similar nucleotide sequences and topology. The Paris group characterized RhXIII cDNA by PCR amplification of nts 956-1061 that showed a high divergence. Southern hybridization with an RhXIII-specific probe (nts 1048-1062) revealed that the expected PCR product was detected in the RhD-positive donors, but not in the RhDnegative, donors [16] .
We amplified the same nucleotide positions in both the RhDpositive and RhD-negative donors using the primers they designed (nts 941-955 and nts 1076-1062). The PCR products were obtained in all samples according to expectation, followed by subcloning and sequencing. Consequently, only the nucleotide sequence for the RhPI cDNA was detected, whereas that of the RhPII cDNA could not be detected at all in either the RhDpositive or RhD-negative donor (results not shown). This result strongly suggests that it is very difficult to amplify the RhPII cDNA because the primers used are the RhPI-specific primers. We therefore performed a second PCR as a template for the first PCR product, using the RhPII-specific primers (RhPII-s, nts 979-992; RhPII-a, nts 1062-1047) we designed, as shown in Figure 4 (a). The PCR product essentially yielded only the 84 bp product in both the RhD-positive and RhD-negative donors, and we ascertained that its product was the RhPII gene by sequencing analysis (results not shown); the RhPII and RhXIII cDNA therefore do not encode the RhD polypeptide. Also, the protein sequences of RhPII and RhXIII deduced from their cDNAs are different (42-54 amino acid residues) as determined from sequencing the RhD polypeptide [11] . Further, the region specific for the RhPII gene is present in the unrelated RhDnegative phenotypes of ccdEE, ccdEe, and CcdEe in the Rh blood-group system (E. Kajii, F. Umenishi and S. Ikemoto, unpublished work). All these data sustain the notion that the RhPII and RhXIII cDNAs encode the RhC/c and/or RhE/e polypeptides, but not the RhD polypeptide.
In the present study we have shown that RhPII cDNA was also present in the RhD-negative donors, and another Rhrelated cDNA, in addition to the RhPI and RhPII cDNAs, was found. The discovery of this additional Rh-related cDNA strongly suggests that the Rh polypeptides show extreme polymorphism, and this fact has made the heredity of the Rh bloodgroup system more complex. The characterization of these multiple mRNAs and the antigenically distinct Rh phenotypes may be essential to future study of Rh polypeptides.
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